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180 Dr. H. A. Wilson on the Electric Intensity 
added in such small quantities as not to alter the mean free 
path. This may possibly account for the el~i~ct produced on 
the positive point-discharge in air by a small admixture of 
CO~ and other gases; but it does not explain the different 
effect obtained when the point is negative. 
It  may also be noted that under the influence of the not 
uniform field a gas of higher specific inductive capacity, as 
for instance CO2, will tend to concentrate round the point 
and to displace the air, so that the discharge may really pass 
through a mixture containing a larger proportion of CO~ 
than observed in the experiments. 
I am at present investigating the oscillatory discharge 
from a point, as observed by Himstedt, in gaseous mixtures, 
which may throw some more light on the subject. 
Through the kindness of Professor J. J .  Thomson I was 
enabled to carry on these experiments in the Cavendish 
Laboratory, Cambridge, and I take this opportunity of ex- 
pressing my sincerest gratitude for the kind interest he has 
shown in my work. 
XXI.  The Electric Intensity in the Uniform Positive Column 
in Ai~'. By HAROLD A. WILSOn, B.A., J).Sc., Fellow oat" 
Trinity Colleg G Cambridge ~. 
I N the following paper some measurements of the electric intensity in uniform positive columns in air at low 
pressures are described, the object of which was to determine 
the variation of the electric intensity with the current density 
when the latter is very small. 
In a previous paper t by the writer it was shown that the 
electric intensity in a uniform positive colmnn in air falls off 
slowly with increasing current. When the current was less 
than 10 -4 ampere, however, the intensity appeared to be 
nearly independen~ of the current. The value of this maxi- 
mum intensity was found to be given by the equation 
X=35V/p  where X is the electric intensity in volts per cm. 
and p the pressure in millimetres of mercury. 
When the current hrough an ordinary vacumn-tube con- 
tanning air at about one ram. pressure is diminished much 
below 10-4 ampere, the discharge becomes intermittent, and 
on further diminishing the current goes out altogether. 
In order to make measurements with very small currents 
it was therefore necessary to use a special device to prevent 
the discharge going out. 
Communicated by the Author. 
J" "On the Hall Etibct in Gases at Low Ih'essures," Proc. Camb. Phil. 
Soc. vol. xi. pt. iv. 
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in the Uniform Positive Column in Air. 181 
The apparatus used is shown in fig. 1. A "vacuum-tube," 
AB, 15 cms. long and 2 cms. in diameter, having an aluminium 
Fig. 1. 
A 
ro uM "~ ~C B 
D 
disk electrode at each end was connected to a TSpler pmnp, 
McLeod gauge, and bulb containing phosphorus pentoxide. 
A side tube, CD, was joined on to the tube AB. This side 
tube was about 15 cms. long and one sq. cm. in internal cross- 
section. Two small platinum wires were sealed into it at E 
and E I and an aluminium electrode at D. A and B were 
connected through a liquid resistance to a battery of small 
secondary cells by means of which a discharge could be 
passed between them. The electrode D was also connected 
to a point, on the same battery, through a liquid resistance 
and galvanometer. By adjusting the potential-difference be- 
tween B and D a part of the current from B could be made 
to pass down the side tube to D, and in this way a positive 
column could be obtained in the side tube carrying any 
desired current. 
The discharge from A to B prevented the discharge in the 
side tube going, out even. when. the current in it was ver) 
small. In this way a posmve column could be maintained 
in the side tube with a current of less than 10 -s ampere. 
With such small currents the light emitted by the positive 
column was very faint, but it could be seen in a dark room 
and it filled the tube with a faint uniform glow. The elec- 
trodes E and E ~ were connected to a quadrant electrometer 
by means of which the P.D. between them when the dis- 
charge was passing was measured. In ~his way the variation 
of the electric intensity in the positive column in the side 
tube with the current density could be obtained. The follow- 
ing tables give the results obtained in air : - -  
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182 Dr. H. A. Wilson on t]w Electric Intensity 
TABLE I . - -Pressure 0"667 mm 
Current. Electric Intensity. Current. I Electric Intensity. 
l----10-9 ampere) '~Volts per centim.) 1-~10--9 ampere.) (Volts per centim.~ 
2"5 
4"9 
7"4 
9"8 
13"2 
24'5 
39"2 
58"8 
68"6 
52'8 
55"3 
58"6 
59"6 
61 "3 
62"7 
64'1 
64"6 
64"9 
78"4 
150 
225 
245 
181. 
186~ 
220* 
284* 
289* 
64"9 
65"5 
66"8 
66"~ 
58"3 
49"0 
42"4 
38"8 
38"2 
TABLE I I . - -Pressure 0"445 mm. 
Current. Electric Intensity. Current. Electric Intensity. 
(1----10-9 ampere.) (Volts per centim.) 1 :10-9  ampere.: (Volts per centim.) 
2'5 
4"9 
9"8 
14"7 
19"6 
34"3 
46"8 
74"0 
93"6 
34'1 
39'3 
44"8 
46"2 
47 '6 
49"5 
51'1 
52"3 
52"5 
109 
124"8 
140 
125. 
125. 
129~ 
152, 
214~ 
410~ 
52"8 
53"0 
53"4 
44'3 
41 "5 
36'9 
32 "7 
24'2 
16"5 
H .  
TABLE ] I I . - -Pressure 0"233 mm. 
Current. 
1---- 10-9 ampere.~ 
2"5 
5'0 
7"0 
7"0 
12 
15 
17 
20 
22 
25 
32 
34 
42 
49 
54 
61 
~6 
74 
78 
83 
Electric Intensity, 
(Volts per centim.' 
14"6 
17'3 
18"4 
16"8 
20"9 
22"0 
23"l 
24"2 
25'6 
26"7 
28'3 
28"9 
29"7 
31 "7 
31"1 
32"2 
33'3 
~3 '0 
35'8 
35'2 
Current. Electric Intensity. 
(1 ~ 10-9 ampere.') (Volts per centim. 1 
- %- ( 
93 34"9 
103 35"5 
127 37"1 
142 37"2 
196 36'3 
211 38'8 
240 38"8 
0_45 38'0 
328 38"5 
333 39'6 
412 39'1 
412 39'9 
480 40"2 
510 40"3 
510 40'4 
363* 29'9 
377* 30"0 
416. 28"9 
455~ 28'9 
~* Discharge intermittent. 
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in the Uniform Posltive Column in Ab'. 
These results are also shown in fig. 2. 
Fig. 2. 
7O 
20 
9 
183 
When the current 
, _  p=o'~ . . . . . .  
x 
is very small the~intensity rises very rapidly with the current, 
but the rate of rise falls off as the current increases. When 
the current is greater than a certain value the discharge 
becomes unstable and generally breaks down into an inter- 
mittent discharge in which the intensity is much smaller 
than in the steady discharge. A telephone was included in 
the circuit through the side tube by means of which the rate 
of intermittence could be estimated. The period of inter- 
mittenee diminishes as the current is increased. At the 
upper end of the curves for the intermittent discharge 
the rate of intermittence is so slow that the successive dis- 
charges can be seen to follow each other at regular intervals 
of about one to two seconds, and the electrometer and gal- 
vanometer needles both oscillate. The electrometer shows 
that in between the discharges the intensity has the larger 
value corresponding to the steady discharge, and its deflexion 
drops at each discharge. The intermittent discharge conse- 
quently consists of a small steady current with momentary 
discharges uperposed ou it at regular intervals. When the 
current was increased sufficiently the electric intensity in 
the intermittent discharge became nearly independent of the 
current and was given by the formula X----35v/~. 
As the current is increased the rate of intermittence in- 
creases~ and the note emitted by the telephone rises until it 
becomes of very high pitch. With slightly more current he 
telephone becomes ilent again, and the discharge seems to 
be perfectly steady. I t  was at this stage that the previous 
measurements (loc. cir.) were made. 
I00 ~00 300 400 500 -.9 600 
Cu,~,Rs, v r  [Y=/O ,~,~':PSPs 
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184 Dr. I-[. A. Wilson on the Electric Intensity 
It may be thought hat the silence of the telephone at this 
stage merely shows that the rate of intermittence is so large 
that the note emitted by the telephone is of too high pitch to 
be audible. This may be the case, but it is more probable 
that when the successive discharges follow each other 
sufficiently closely they really blend into one continuous 
current. The high note in the telephone often suddenly 
disappears when the current is slightly increased, and the 
discharge at the same time acquires a much sharper outline 
as though it had suddenly really become continuous. 
I shall now give an account of a theory of the positive 
column which leads to an explanation of the variation of X 
with the current shown in fig. 2. 
Let nl and n~ be the number of positive and negative 
ions respectively present in one c.c. of the uniform positive 
dX 0, column. Then, since dx = where x is the distance 
measured along the axis of the discharge, we have n1=~2. 
The current density t is given by the formula 
t=ne(vt  + v2), 
where e is the charge carried by one ion and vl and v2 the 
velocities of the positive and negative ions respectively. 
Also Vl=k lX  and v~=k~X, where k I and k~ are functions of 
the pressure only. 
Let the number of positive or negative ions generated per 
c.c. per see. be q : then we have 
q=fl,.o, 
where ~ is the coefficient of recombination, and is a functior~ 
of the pressure. 
It has been shown by Townsend ~ that ionization is pro- 
duced by negative ions when moving under the influence of 
an electric field. If a is the number of negative ions pro- 
duced by one negative ion in moving one cm, then Townsend 
finds<~=pi(X),andhehasdeterminedthe ,,alu s of f (~)  
over a large range of values of X .  
P 
In the positive column another source of ionization besides 
the negative ions is also present. It was found by E. Wiede- 
mann t that the positive colunm emits a kind of easily ab- 
sorbed radiation which he termed " Entladungstrahlen," and 
* Phil. Mag. February 1901. 
.+ Wied. Ann. lx. p. ~269. 
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in the Uniform Positive Colurhn in Air. 185 
J. J. Thomson* has shown that this radiation produces 
ionization in gases such as air by which it is rapidly 
absorbed. 
It seems probable that this radiation is emitted by the ions 
during the process of recombination. On this supposition the 
amount of radiation emitted per c.c. ,nay be taken as pro- 
portional to the amount of recombination ~n :, and to the 
kinetic energy of the ions, which latter is proportional to X ~. 
If, then, R0 is the amount of energy emitted per c.c. as 
" Entladungstrahlen," weha,,e R0=A/~n~X ~,where A' is a 
function of the pressure. 
The radiation emitted by a small element of volume dv 
will be Rodv, and at a distance r from the element its intensity 
R~ where X is the coefficient of absurption of will be 47rr ~ , 
the radiation by the gas. 
At any point in the discharge-tube the intensity of radiation 
will be the integral throughout the positive column of 
It is easy to show that this gives for the intensity 
4~rr ~ 
R at the axis of a discharge-tube of radius a 
R0 
If a is not very. small we may, therefore, take R0~ as the 
intensity of radiation anywhere in the positive colmnn except 
very near the walls of the discharge-tube. The ionization 
due to radiation, say q~, will therefore be given by the 
equation 
ABn2X ~ 
where A is a function of the pressure only. 
Denoting the ionization due to negative ions by q~ we 
have 
q=q~+q~=Bn ~. 
2qow qo is evidently equal to nav~, so that 
A~ n~X2 =/3n ~. nav~ + A. 
Eliminating n by means of the equation 
=.e(v~ + ~), 
Proc. Camb. Phil. Soc. vol. x. pt. it. p. 74. 
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186 
we get 
Dr. H. A. Wilson on the Electric intensity 
eav~(vl + v~) 
ABX~ 9 
B -  ), 
Now v 1 is known to he very small compared with v~ at low 
pressures, and so may be neglected; also v~= k2X , and 
hence ek~X:p JX'x 
This equation may be written 
= B  XX .f\ 
where C and B are functions o f?  only. 
In the following tables the observed values of X are 
compared with those calculated by means of this formula, 
taking appropriate values for C and B, and using Townsend's 
values of f (~) taken  from the curve on page 212, Phil. Mag. 
Feb. 1901. 
The fourth column contains values of the current calculated 
by means of the formula from the values of X in the first 
column. The last column contains the values of X taken 
from the experimental curves for the calculated values of 
the current. 
TABLE IV .  
p--0"667. C--3'69. ]3=4530. 
X~ 
54 
57 
60 
63 
66 
67 
X . X 
81 / 0"53 
86 / 0"60 
90 ! 070 
95 0"77 
99 0"86 
10l 0"88 
(calculated) 
1 = 10 -9  ampere. 
3'5 
5'6 
10 
22 
77 
364 
X (found for 
calculated value of i). 
54 
58 
60 
63 
65 
67 
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in tl~e Uniform Positive Column in Air. 
TABLE V.  
p=0"445. C=5'5. B=3025. 
X.  
34 
40 
45 
5O 
52 
54 
X X 
76'5 t 0"47 1"6 
90 0"69 4"3 
101 I 0"90 10'0 
112 I 1'12 29"4 
117 I 1"23 56"1 
121 I 1"33 203 
X~ 
38 
45 
49'5 
52 
54 
TABLE u 
T = 0"233. C = 26. B = 1!'60. 
t. 
20 86 0"60 
25 107 1'00 
80 129 1"50 
33 142 1"80 
35 150 1-96 
38 163 2"25 
39 167 2"35 
40 172 2'46 
5 
~4 
~6 
[7 
19 
37 
t0 
X.  
16 
23 
30 
34 
36 
39 
39"5 
4O 
187 
~ 6C 
5~ 
~=0-607 
A z ~~ . ~  $ 
S , 
I 
0 O0 
Fig. 3. 
- ~2S3 
! 
500 600 ~OO 300 400CuRPE,vr  /~ /0  --9 ~4"PERE 
I t  wil l  be seen, that  he values of X g iven  in the last co lumn 
agree  fa i r ly  wel l  wi th  those in the first co lumn.  In  fig. 3 
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188 Dr. W. Watson on the Construction and 
the calculated values of X are represented, the scale being 
the same as in fig. 2. 
The constant B varies nearly as the pressure, while C 
increases rapidly with diminishing pressure. If X,~ is the 
maximum value of the intensity, then X~----B, so that X~ 
varies as ~/jo. 
Xek~p X 
C is equal to - )x~-  and B= ~,  consequently, since C 
increases as the pressure diminishes, it follows that/~ the co- 
efficient of recombination must rise with increasing pressure. 
This result is in agreement with Langevin's measurements ~" 
of the coefficient of recombination of the ions produced in 
air by RSntgen rays at low pressures. 
The experiments described in this paper were done at the 
Cavendish Laboratory, and I wish to say that my best thanks 
are due to Prof. J. J. Thomson/'or his kindly interest and 
advice given during the course of the work. 
XXI I .  Note on the Construction and Attachment of Thin 
Galvanometer Mirrors. By W. WATson, JD.Sc., F.R.S., 
Assistant Professor of Physics, Royal College of Science, 
London t. 
A S has been pointed out by several persons (Rayleigh, Phil. Mag. xx. p. 360,'1885; Threlfall, ]?roc. Phys. 
Soc. xvi. p. 205, 1898) there are distinct advantages in in- 
creasing the sensitiveness of the optical arrangements used 
to measure the rotation of a galvanometer needle rather than 
increasing the electrical sensitiveness, i.e. the angular de- 
flexion produced by a given small current. Excessive lec- 
trical sensitiveness implies a very weak controlling force. 
Such a weak controlling force involves a long period, and 
also disturbances produced by convection currents in the air 
and tremors in the supports of the instrument. 
In order to increase the optical sensitiveness of a galva- 
nometer it is necessary to increase the diameter of the mirror, 
while, to allow of its being carried by a fine suspension and to 
keep the period low, tile weight of the mirror must be made as 
small as possible, yet at the same time its figure must remain 
good. With the ordinary ibrm of mirror, consisting of a 
disk of glass silvered on the back, it is almost impossible to 
obtain a really thin mirror with a good figure unless the area 
of the mirror is excessively small. In the first place, the 
grinding and polishing of a very thin slip of glass is an 
* ThOses prdsentdes h la Faeultd es Sciences, Paris, pp. 150-152. 
t Communicated by the Physical Society : read May 8, 1903. 
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